TISSUE CHARACTERIZATION BASED ON IMPEDANCE IMAGES 
AND ON IMPEDANCE MEASUREMENTS 

CROSS REFERENCE TO PRT.ATED A PPLICATION 

This application is a Continuation- in -Part of 
international Application No. PCT/US9S/06141, filed May 19, 
1995, the disclosure of which is incorporated by reference in 
its entirety. 

FIELD OF THE INVENTION 
The. present invention relates to systems for tissue 
characterization based on impedance measurement at a point or 
at an array of points. 

P^ rgQROUNn OF THE I NVENTION 

The measurement of electrical potentials on the skin has 
ma ny uses. For example, electrocardiograms are derived from 
measuring the potential generated by the. heart of a patient at 
various points on the skin. 

Skin potentials are also measured in apparatus for 
determining the electrical impedance of human tissue, including 
two-dimensional (e.g.", U.S. Patents 5,063,937, 4, 291,708 and 
4 458 694) or three-dimensional (e.g., U.S. Patents 4,617,939 
and 1. 539, 640) mapping of the tissue impedance of the body, 
in such- systems an electrical potential is introduced at a 
point or points on the body and measured at other points at the 
body Based on these measurements and on algorithms which have 
been developed over the past several decades, an impedance map 
or other indication of variations in impedance can be 
generated. 

US Patents 4,291,708 and 4,458.694 and "Breast Cancer 
screening by impedance measurements" by G. Piperno et al. 
Frontiers Med.- Biol. Eng., Vol. 2. „ U1-U7, the disclosures 
of which are incorporated herein by reference, describe systems 
in which the impedance between a point on the surface of the 
sfcin and some reference point on the body of a patient is 
determined. These references describe the use of a multi- 
element probe for the detection of cancer, especially breast 
cancer, utilizing detected variations of Impedance in the 
breast. I 


c. 


In these references a mult i- element probe is described in 
which a series of flat, stainless steel, sensing elements are 
mounted onto a PVC base. A lead wire is connected between each 
of these elements and detector circuitry. Based on the 
impedance measured between the elements and a remote part of 
the body, signal processing circuitry determines the impedance 
variations in the breast. Based on the impedance 
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a v using real «« and,or recorded -t -tactic 

2 t»ges' to guld the object- Mp e „ ot th . 
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4 invention to previa Qf & biopsy . 
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1 portion of the body; plur ality of polychromic 
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q There is IU invention, appara 
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32 preferably the plu rality 

a3 matching the value anomalou s region. 

!! identify the tissue type of the an° ance wi *n a 

34 identi y furtner provided, in q£ 

35 There is invention, a 

36 preferred embodiment anomalo us tissue: 
determining a tissue type for « hromic measures, 

determining a plurality ^ tisgue; 

3 preferably normalized measures. 
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i - :r ssu — ioh - taMn in 

* rig. 1 « - T " "reast W— . ln 

i.llv suitable for °" invention; 
6 .specially ferrea embodiment of the 1 „ le 

, accordance with a pre paging head sui 

I Fi 9 . 2 « • perSPeCt o ;„ a r.ccordance with a preferred 

! for breast impedance mapping in 

S preferred P-e head configurations suitable 

S 1— -d of o£ a , ortion .. a^ 

it Probe"n accordance - ' — ^ _ 

s rtrrtnrprob.^ 

» Fl9 " 5 \:\«tive Probe in accordance with a preferred 

„iew of an alternative p 

v * fhe invention; £ a multi- 

embodiment of the m 1i . ornativ e embodiment of a 

^TUordtr-h a preferred embodiment of 
element probe, in 

the invention; rsDectlve view of a hand held probe 

cm« 6A is a perspective inv ention; 

26 ««* a preferred embodiment of the 

27 accordance with a pr expanded bottom view 
f 8 Fig- 6B shows a P^ l8lly a pr eferred embodiment 

w„ «£ Fig. 6A, in accordance w 
-2Q probe of fig* 

30 of the invention; o£ . £i „ 9 ertip probe 

,„ . 7» is a perepe«i e^ ^ ^ 

S ^TT^ '^^^: - determining 

S Tan^Tin -ordanc. with a preferred 

,, rhe position of an <> 

35 we f invention; «,-„rdance with a 
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3 of Fig. 10, * in 

4 inv ntion; ^ . portion of a display 

5 Fi9 \*h the method of Fig. UA* acco rdance 
,0 accordance with a pr al biopsy guiding sy 

17 Fi9 * t n used in conjunction with 

24 .abodi.en* of th tlve o£ . g . 
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*« nPSCRIPTION OFWE_PREFERRED_EMB^^ 

1 DETAILgD^g SCRIPTION OF a " r7^^rTllustrate an 

, described -low. ^'^^.^ aignsls thereto 

7 herewith f «^"«ult»t .l.=tri=.X signals therefro*. 

8 and for receiving resultant d recei ved by a 

, signals to -X - II p"r.: C-n=. aeps o £ the 
10 computer/controller ^ ^ The lnipedance 

» bxaast under or di.pl. ^ ^ 14 £or la rer 

« e.p. aay M or J. eopl a. eay ba provided by a 

13 viewing « ££V-hlch eay be a laser printer, video 

i; :;:„ d Jr op Uroid . «- :rr — — . 

16 ruT- r^ii«tr P iac.:.nt B . «- -.^ — 

17 on a dolly wv 

« with re-peot -J*^"^ held pro be 100. de.oribed in 

2 »ore detail below. - « »~ detail. Head « 

Fig . , ebo-s x-g-g need ^ ^ a ^^^^^ 

22 comprises a .ovable lower , ^ ^ ^ ^ ^ ^ 26 

f 4 ralirr-tano. between P-bes." and 3, to .a 

S '^oveeent of a^T sn^e 

2 —r^o^si:: » - — 

„ breast imaging, or J>y J™*' ^ and 24 ar e provided 

30 Either or botb of pl.t. P lvely , uhic h are 

31 Mlt h -"-'^^o. r=b electrically contact tne 

32 described .or. ^ eleMnts to optionelly 

33 breast with a plurality or measure 

34 provide electrics! '^"ovided signals. 

35 signals generated P to the breast is 

36 Alternatively, electr on tfc# „„_ 

37 provided by ^^"Hr other portion of the 

38 shoulder or back ot zne y 

39 patient. - 11 - 
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r notice a breast is Inserted between (.robes 28 end 
« nlete Probe 24 is lowered to compress tb breast 

2 3 ° 1. probes. Tbis compression reduc s tbe distsnce 

3 b .tw en tbe pro g ^ b th . 

4 between the pro"e Although 

5 s.nsin 9 — f dlL^e tb. de 9 ree of 
, compression of ^ much louer than 

4-,«« is tvDically not painful. 
! ^'tternetX or^ltioU. tbe probes are curved to 

" — ^ i^prrd.: ^ «- shown, to eiiow 

U t "ftrarv rotation of tbe bead about on. or more of i s 

13 " , hl s sllows for both medio-l.teral end cr.nio-c.ud.l 

U axes. This allows f lsr orient.tion 

« meps of the breast » ™ ^ ^ ^ ^ so that 

16 about tb. P a r ; a £er ro J 3 22 and 2 4 ere oriented with . 

17 the surface. ^•^.^ so th « 9 ravlty es.lsts th. 

18 substantial vertic.l c p ^ ^ m extent 

M entry of the , breast ™° ™»^ y £slling out . This i. 
20 and to keep it tr Qatient lea ns over the plates so 

pr ° beS ' ^ a oreferred embodiment of the invention. 

Furthermore, in a P referre rota ted about an axis 

w +»k orobes 28 and 30 may be rotatea ao 
one or both of Prob mecnan ism 27 on their 

at one end thereof by ^ ^ pig . 2 

-^^^2 - -ernatively, probes 2B and/or 

for probe 28 Addi ^ 31 

30 may be slidab e as f lMlbllity is 

30 such additional 9 Qf ^ probes 

32 with the breast wh wg for better imaging of 

33 Furthermore, such flexibility ^ ^ 

. n f 1-he breast near the chest 

34 the areas of the "re . x _ ray ma mmography. 

35 which are extremely difficult 

views of two 
2A and 3B show pertie ly expe ^ 

37 prob. bead conf l 9 ur.tion. suable emBodlments o£ 

38 heed of rig. 2, in eccordence with prefer 
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„ . Fia 3A a pref rably removable 
In th . ^ ^scrlb a below in -or. 

„ u lti-el ment prob . _ ^ 5Q yia . pair o£ 

detail. 1* attached to a pro 5J couples 

..tin, «ultl-pm oonnectors 51 and ^ ^ 62 t> 
connector 52 to computer 14. When „ ls 

inserted into base 50 (that « » * relat ively stiff 

7 fully inserted into connector 52 . ^ ^ ^ 

8 b0 «o. of -7 su 6 r 2 £a r55°of b ase - - — - 

, such that the su subst antially coplanar. 

10 element 62 are preferably . ^ of contact5 82 

In me .^"7;; n ' d "dispoobl. multi-element probe 
12 are formed on base 50 and . w „ ed be low with 

» «■ "-"t: -rr^- ooupies th. contacts to 

14 reference to PU- 

15 computer 14. „„ sida views of a portion 

16 rigs. 4. 5A and SB „ , 4> whl le Figs. " 
,, of multi-element probe 62 and Ml siae view 

S and 5B show a partially expand. cro ^ shoun ln 

» of probe 62' along J^^* table for the probe head 

20 rigs. 4. 5, and B 1. especia y ^ 3hou 

21 configuration »f ^ . ulti .. laM „t probes used an 

s ::::: -rr-rs!"^---" 

j 4 as shown in Figs. 4. » ' allty of sensing 

35 probe 62' preferably „ d P ivldet elements 66. . 

2 dement. 64, -para"d^y tor ^ ^ ^ sensi 

„ shown more ' tibl . conductive materia 

2B elements 64. comprise a bao P ^ Hydrogal 

2 , (£ or example Neptrode E075 . o suob as as 

0 distributed by Cambre, Hydroge is H ^ ^ ^ ^ 

21 sometimes used for SCO probe. J* • - non . oonduc ting 

32 front, siae of a mylar « ^ and the divider 

,3 substrate 68. such as a " l J „ v , a r sheet as 

£ elements 66. A suitable thic^ass f ijWBtl ts 

4 5 approximately 0.2 mm o probe ^ ^ ^ hole 

36 preferably pierced an the ce ^ ^ conduoting 

37 resulting from the paercang as fa ^ ^ ^ ?Q a „ d 
3 3 7 8 material 68 to form a pair of 
39 on a second, back, s _ ^ _ 
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, substrate and an eie a separ ate c 

2 suds contacts, as _ q ._ a element. 

3 between th pa^ ° Q for ea ch sensing • 

, feed-through is £orro a of any 

4 p ir and feed the substrate may D ^ 

A " er T„ert material including plastics 
6 suitable m le ne, PVC. etc. Q<J 

8 , h . wells « to ,.„« which is about 

9 °' "T^ P a i=. .«* - ^^"con'talni., only the 

10 * * tnlcK. This r..ult. in . ' he d et J° sut>str ate 68 which 

11 0..-1- thicK n ; This sheet is bonded to sub 

u divider el«eh« e Th ^ ^ the contac" ^ 

13 hee been P""" 1 " £otmad . Another »« thod °' eM ana 

" thr rr. : v .u e e 9 . . — r-r- - — 

15 wells is * divider elements i yet 

l7 which P*° tru ^oauclng the -ells is by » „«eriel 
W ehother eethod of P ^ or other b o-co»peti q£ 

" " S11S T«i«b" «— - th. eu st»t. together 

20 having e suit. mUU9 of the » oa o£ 

21 production is bV And ye t anothe ^ 

» " ith ^ » W """"'"In. sr»y of divider 

23 producing the w cuttin , tM array 

24 preformed ,ri *•« T aiding. 

25 ele-ente in e sheet ^ ^ ^ 
" ^The conductors and ^ed-throughs ^ T 

" nductlve »ateri.l which will ^ » Mnuf ac turing the 

28 conductiv on> method o con „ CC s on 

29 plating of the ^ printing of th ^ 

30 contacts and bo^ ^ tf conduct ve P» ^ ^ 

31 "rue viscosity is used, the paste w 1 ^ ?j Althougb 
suitable vi „„^_ ct between contacts nn i a rizing 
f- • " USb "°°:" rials can be used . A 


33 £0t : Undue « -terials =an pref erred. » 

34 eany conduc stlve r/silver chloric conQuc tors 

35 conductors such as ^ ^ th. co 

36 ^rsu s-tte is Pad Printable^ octroi* ^ 
fa r:ru3-3 7 manufactured and sold 


38 in* - 

39 inc., Tyngsboro, MA. _ u 
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IO general contacts 72 ana ^ conductive 

a o.2 mm of the wf hydrogel may 

6 H ° M,Vet „ .t TJ* Pattiany ml- * 

• > i. availed in bot h UV ^J^™^ 

HY T„, xn eltner case a — — an. the 

10 " ""r" .'-Us «e »uea .i* 

u ...i-itqui Altern .tiv.iy. th« ,«e Mt 

12 r ^ ^ ° preaeteteine. force 1. 

13 the uncure tder elements with a pre 

^uxt " - aes lr ea 9 ap .etseen tn. top 

- Tn ttXat,e ^^S^^ 

supportive matrix imp ^ condu ctive ge 
the well is simply fi^ e 

desired height. be is urged against the 

During use of the probe, the P g ^ hydrogel 

» - -c™ : -- r •-rir,.»r.:: 

elements will reau , nde0 endence of the x 

Z SPaCS "To" Tconauctiv. ,el is pre-re* 

r ^ wells. The use of a co and lts 

tOP tSs »Uo«s for sliding ."«• *<• 

35 SinC \oJitioning while « » Ur5ed h : 9 con auctive gal £ ro* 

» c/eating a 1» eleeents «. — »- 

39 elements and also _ l5 . 
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• 256 „ nlie d to the skin with some 

hsn tne probe is applied to 
! each other when the p 

2 pressure. embodiment of the invention, the 

3 in a. further preferred em ye foam or spo nge 

4 sensing el . n*. are ^ ^ conductive rubber 

material such as ^ °* °Te 

6 or other elastomer «» r *" n 5C . Fig. 5C shows the 

conductive material, as ^^'"^n which protrude 
8 sensing elements without walls ^ may 

,0 ubstantial electrical solation ^ 

them far enough apart so that ^ ingulating 

! or by coating their lateral s non _ CO nductive 
U 3 Taterlal such as polyethylene or other 

\ A plastic or rubber. compressible elements, it 

l l P For relatively short rigid ^or elements 

19 « "cross— MCTeen 

20 WVel ; f sumc^V 9 coa "Oia.lcn is e=hi ^ 

21 _ their spacing alone, then foe proV ided. 

: = - =rr. r) ..~ r: - - 

" Mu lti-ele*ent prohe 62 preferaDly reeovahiy 

„,- lan t and then discaroe ,. r . Blv comprises a 

» oniy on. Patien ^ preferably P ^ ^ 

28 Ti„«o cT-it hoard 80 havin 9 a ^^.° b acK o« the 

r„ - - 

« facilitate alignment of the ma nt to PC board 80 

3 le 90 is preferably proved on or a 3 ^ 

34 guxde 90 ° ^ consist of a serx ^ ^ 

35 (Fig- 4). This g ^ form . ng a ^11 _ 

36 or may consist of « conductors wxthin PC b 

7 which the ---te - -e- ^ ^ Qf of 

38 8 o connect ~*^\^ tmMy mounted on PC board 80. 

39 connector 51, which is P _ ^ _ 


f c 


f „.bly as described below with 
^ternatively end P"^"^ of two or more pins 
respect to «. - - * - ich flt into matching boles 
3 located on or near PC 

, in probe 62'. , 5B , the beck side of the 

Hternstiv.lv es shown in F£ . guiae ^ Qne or 

5 6 embos.lng .1 substrete ^ 68 i. " ably mounte a on 

, -ore protruding element. 83 » hic protruding elements 

Hoard 80. "•'•»^.U^"o' ~ tt 

• - -rj:£zz?~ - — ^rr/ig sat 

in PC board. The e structure as shown in y 

nhe and form a frame-lx*e stru q£ x shaped 

13 protuberances whic 

14 corners of the wells. formed of polycarbonate 
! Protruding elements 83 may last ic, or of a 

15 V PVC or other common inert P 

16 acetate PVC gstainlessste el. also 

17 noncorrosive metal pC conta ct 82 and 

1 ai ig connected ro •» t o and/or 

18 n eot".d t apparatus -biob sensing 
" ".Ires voltage, and/or impedance, et 

20 meesur.s oescr ibed below. cond uctive 

* 22 T. "'referred embodiment back of the 

oa substrate are us«= enortlve contacts 8Z. 

♦-«. 74 with their respective _„ sitive conductive 

75 contacts 74 wiv. pressure Sensitive 

r, :rrnvei, - a n : a rr 

2 , contects/reed-tnroughs " a ^ ^ uhlc „ pro tr„de 

Vo spots 86 mey be omitted, alter connected to wires 84 

31 from the surface of PC board 80 and contact 

32 Pierce the substrate (which may he P tB 

33 gel or hydrog.l in the -ells. A P ng ^ tn the 
" substrate may also be insert^ . Betw een the 
3« pc board to form the elect"" iy . ly , the ent.re 
36 sensing element and the PC board ^ ^ pri „ ted 
3 bacK side of the substrate ca he ly conducti ve 

39 thin film adhesive _ ^ _ 
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s 82 and which has a low conductivity resulting 

1 contacts 74 and 82 and wn resista nce between adjoining 

2 ln -r ^ t :r;u""v - ^ic « - 

3 contact, than """T . An example of such adheaiva » 

4 one hundr d «-> ""/"^^ Mlnne . P olia «N. How.var. 

5 tap. NO. 3707 by M«M , uch Mte rial without 

6 du . to th. difficulty °' apply te /„ ably to apply adhaaiva 

7 tra PP .d air bubblaa. pr8Ctlce a ralaaaa linar 

8 only to th. W J . n on-etic. surface on 
, of polyathylana. mylar or p p ^heslve sheat. 

10 on. aid. i. P-id- on - ~« prior to conne ction of 

u Thia linar protacta the * be holde r and la 

2 th. disposabie ^--"^J the prob. to the holder. 

13 «— ' - to" - bLeen contacts S2 and sKin 

14 preferably, the impe d be lQSS 
I! al de Of th. conduc ting meter .1 *~ ^ ^ ^ ^ 

16 than 100 ohma at 1 *Hs and eont acta 82. with th. 

s ^rrprr^aL. ^ ~ — - 

10 .oh. at 1 KH, producin 9 aubatratea ia 

mother t . L. ftM . 

21 tyvex (DuFont, •f/ t " t ; il " (i , ble ln varlo us thic.nes.es and 

22 p oiyolafin material ayallab ^ ± . 

23 p orositiea. » «* ^through 76 can be formed by 

24 used, contacts 72 and 74 and inlt on one side 

25 » single printing operatxon = TYVEJ( , t he in. 

26 of the TYVEX Sheet. D- » th e^poroei ty^ ^ ^ ^ ^ 

s z^irz r::.rrft,. 3 , substrate « 
: 13 re^y 6 : — ir^rrt: 

31 conducting wires to attach each o ^ ^ Qf ^ 

one of tha.pin. of connector „ ^ ^ ^ be 

connecting structure of Fig. » Y rf Flgs 3A or 

no ted that the choice o u ,n «- ^ _ depending on 
3B (i.e.. probes 62 or 62 > 1. , hlle pro be 62 is 

tne cost of -nufaoture of the ^ ^ ^ 6J . ^ 

37 structurally aimpler, manufacture in large 

38 Bel ieued "^J™^:^^™^"^*' 

39 quantities. Since ir 18 . l8 . 
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used in large quantities ana will preferably not.be reused, 
one or th other may be preferable. 

Toe other side of the probe is also protected by a coyer 
plate 88 (Figs. 5* and », which is attached -sin, any b o- 
,0,1. adhesive to the outer edges of dividers 66 (Fig. 

;:r or tl -* > - 

IX I. one preferred embodiment of the inv. ntion the 
inner surface of th. cover plate 88 is provided with an 
Metrically conductive layer so that the impedance of each 
^in, element from the outer surface of the hydrogel <or 
" gel) to contact 82. can be measured using an 

U conductive gel) on i£ s kno „ n impedance is 

12 exte ::t zzz « . ££z — ^ . ^ 

Ta urce of Voltage, the sensing elements can be tested in 
! .Inurement mode similar to that in which they -ill finally 

" M US :t;.rnatively. a film PC circuit or circuits may be 
■ =n the inner surface of plate 88 to simulate an 

imTed i. «.« ^ °° 

'Iv be provided with contacts at each sensing location, and 
I rou!try which may simulate , plurality of actual impedance 
raging situations. Such circuitry may include external or 
Zra'l logic such as programmable logic 
nHflurable using an external computer interface. The 
,Illation m. v provide a distinct 8C circuit for each sensing 
26 .lament or may provide a segu.nce of different circuits to 
" sensing .Lm.nt to simul.t. the actual rang, of 

measurements to b. performed using th. probe. 

Fig SB shows a preferred embodiment of cover sheet 88 

36 preferably further aligned to PC board 80 by one or more 
ZZ ./with one or more pins ^^^S 
« attached to PC board 80 or to a surface adjacent to 

r, ;r wh!i. *» *». * s «— . — 
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, ar hexagonal pyramidical or othar shapes provides 
triangular, hexago py ^ ^ ^ 

SSTS rpTnThoeld he curved f or .proved electrical 

C ° nta " " ^r CsTsurface o £ pin 204 is conductive 

The upp r expo connected to a signal 

preferably curved " » J ^ ?c ^ co 

cover sheet 88 is pr continuous frame ot 

slde o£ £ co l ctive . but which seals 

adhesive 225. which need no _ ^ protect 


8 
9 
10 

£ adhesive 225, which neeo n- - ^ ^ protect 

13 around a lip ^"^/of array 230 and to maintain the 

14 the guality filli ng wells 70. Cover ..• 

15 .oisture content of ™ 62 „ with a conductive 

16 is coated on the side facing ^ fQr 

17 
18 
19 


» °° "a. « or «Tv iou. eeteHlc coatings, for 

iayer 231. such - £U „ co8t i„, described ahove. 

sample, alueinu. or th th ^ 

cover 88 is prefer y ^ ^ depr . S! , io „ s 

20 hy emboseing. «cufoo.ing or^ dlng „ ells 70 . Tha 

21 233 in the cover °* on the center of the 

22 depressions are ^""""^T^.. above the surface of 

23 well, end held e -*""™™ t r . lat ively high side-alls 

24 th. hydrogel or gel. by »..n. ^ depr . 5slon . 233 . 

25 22 6 which are to '"' d ^c. of cover 88 • preferably has a 

26 Furthermore, the sur conductive contact surface 

27 concave snap, to match tb. C c„nded ^ 

28 cf Pi" 204. from which it is unin tended 

29 oiatances .1 ^ in „er surface of the 

30 physicsl contact between th ^ e>an , ple , 

31 r"g :tr- ha^Vrio; to use. - might — 

32 during storage a elect rochemical processes. 

33 corrosion over txme due to ably selec ted so that 

Distances 61 and 62 are a so P abQUt one 

35 application of . ^32 of cover B8 such 

36 kilogram) against a establish contact between 

" - by - rr^^-^ — ° f pin 204 and 
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By E! ,n« contact. - — 

sorf.c. Ml 13 „ ^ CMtin9 ls 

contact 202 and with .e<* - , u excited by the 

ccnductor. the ' ~» ■ £Un circui t. th contact 

.ignal on lin 202. lr « « ^ ^ M2 is 

ls via th. thin £11- =" cu "; n ^ remitted to each 

excited by a signal, the ^ "» X or vl . e fcnown 

of the sensing elements, either 

impedance. Bult l-element array can be tested by 

I„ either case, the " ul " „ and corrected 

j residual impedance 

the system and any resiaua re sidual impedance 

In th. Pro- is used for imagi • « * ^ predetermined 
of a given sensing be coropenS ated for, the 

specification, or is reje cted. Furthermore, the 

ro ulti-element probe wil1 ing may only take 

AB computer may be so contact iffl pedance of the 

17 place after ^termination^ J*^^ that the probe 

18 sensing elements , or ned specif ication. 

19 impedances are « ithin 3 ^ as being highe r than the top of 

20 While Pin 204 is shown ^ ^ Qr 

21 the wells, the Pin ; a y he at^ ^ ^ ^ ^ . 
even below the wells d above . 

suitable distance 62 as ° the invention, the 

In an 

alternative — «— * " Drlnted on or 

contact surface ^"'^"'J^^^n, elements, with 

ettached to the surface hold ng the a. t „ 

• the PC board being via 
contact to the „ nslng elements. 

2a -*^"'--r r t, "J^L rt! of the invention, the 
2 , in yet another em 204 ls on the 

30 conductive contact - a « ^ ^ ^ pl „ 

» surface f and contacts the contact surface 

32 204 supports this surface _» thrQugh contac ts. Fin 

33 vi a one. or preferably a P^""** o£ the contact surface 

34 204 is designed to match ^e contour of addltlonal 

35 and preferably, by such matching, to 

36 alignment of the probe on the PC ^ pQtential 

To avoid dr,i^«» ° e guality of any of the 

38 hazards of li-it- Shelf disposable electrode arrays 

39 aforementioned versions of^the P 
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s nv incorporating an identification code. 
2 prererab y includi 9 ma „ uf acCura . In . preferred 


3 
4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 


„_j jgt or manuioww- 

information ana a- printed on 

reader, interraceo Dacke t and each probe, 

in the pacet- ^ ^ of tne invention a bar code 

, JZ the individual disposable electrode arrays 
may be Pieced on the in ^wil- « under 

T^ZZX eUple near reference nueeral 33 of Pig. 

while tb. invention baa been described In conjunction 
, orred embodiment thereof, nameiy e. y 
S .'.bat flexible structure, suitable for general use 
flat, somewhat fiexio sucn a s concave 

end for breast screen^ , - „ ay be 

!2 structures <••»•• sb ana configuration of the 

23 preferable, and in general the s P ^ ^ ^ Be 

24 detectors will depend on the actu ^ ^ 

25 assured, For esa.pl. cylindrical " J examl „atlons 
25 certein sltuetions. for exaeple in intra re 

» of the prostet. or colon c also usa£u l for 

28 a probe according to t gynecological 

29 measurements inside the body. f « P probe ls 

30 „eesureeeots or "^""J^s the lining of the 
inserted into „ hlch correspond either 
cavity, and probes g ^ can be 
fl e,ibly or rigidly to < prQbe ln accordanoa „ith 
used. For esemple. a «uit attac hed to a 

33 th e invention say be incorporated 

36 laparoscopic or „ ba used in invasive 

37 Furthermore, sterilized p . ^ tissue 

- itrr mn^/t. - - — • - 

39 exposed by incision . 22 - 
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^ fac ■ as used herein includes such cavity lining 
1 "tissue surfac as 

" T^r-n^t of the invention, PC boar. BO 
Tlements as po.sibl. of probe 62' (or the board 
T "*J"£> are «»de of transparent or transient material, 
of probe 62) are » vislblli ty of the underlying 

S ° ""during Z -oeee" of probe 62. Those elects of the 
tissue during pis ^ ^ they 

«f the orobe. Furthermore, prone 
ln pl .e»ent ^ the abo ntlo „ed conductive 

* " ereit mod.r.t. later,! adjustment of tbe probe 
9el " P : o Vid in Placement, to ensure good contact hetween 
u position, to , aid in P ^ ^ Masurad , and to 

15 eaCh , ela :r user to rapidly verify whether detected 

16 " Jtle. ere artifacts due to poor contact or are 

17 «bnore.liti.s ar „ tlfact , re „,in stationary or 
genuine obdects. ^ m<jved „ hila genuin . 

" St"-:" a direction opposite to the direction of 

^The renrarstpe and sir. of the mul. 

,*<. r,f the conductive sensing elements win « y 
and the size of the co ^ ^ ^ desired 

° n Ttion o, ° the ^La uLent. Prohe matrix sizes of neater 
resolution o£ rne viewing large areas 

and probes which sre as small as 2 .a preferaoly between 
£ or measuring small areas , «-* »- - ^ an . 
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2B for measuring see.. — ^ -" howw . r . lar ger sizes and 
2 , 2 mm square and 8 mm eg ^ ^ cectain 

30 especially smalle J 1 " 3 aescriBed aBove . 24 « 

31 circumstances. For the breast prob sijes . 

32 32 to 32 * 40 elements appe. « be P»f.r 

F1 g. 6, shows a perspect ve o ^ Qf ^ 

34 XOO in accordance with a ■ Qbe Beads , , 

35 invention. Probe 100 preferably^ comprise. P ^ 

36 larger head 102 and a room ele ctronics and 

37 connects the sensor heads, houses „ andle 

33 provides means for holding and ^posrtro > devlce 
3, 106 also optionally incorporates a digits 
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25670 Miti v e button or other 

i «- - - ■ rtri^^^"^''- 1 - - 

2 such Joystick 7 i °! ha I ^; r P ator to control the system an. 

3 the probe enabl s the op.™ b<jth hands on 

< input positional «««»^ 8B * sctlbed be lo». the digital 
S — - Coin he -a to indicate the poeitlon on the 

. Fig. M shows a P««"»J ' praferra d embodiment of 

10 0 of rig- «. - ^"Xah" . llKe ports of the probes 
„ the invention. Where applicahl - numbara d. starting 

° Toughout this "XZZ-JTJ, of a housing ice. 

,3 has a »ell "° , 10 an d a printed circui 

4 sttached to the edge of -ell 110. ^ _ de3ianatao 
, natively transparent subst ^ „ th . responding 
. hy reference SO- (» show » ^ windo „ „ X 

" UWri :re p'r^t 1U connects the contact, on Pointed 

ia flexible print . electronics H°- A 

fi?' to acquisition elecxi comp uter. A 

19 circuit 62 w * e i e ctronics to the compu 

20 connects the «*"""\^ ° but „ uc h seller ..o. sensor 

5 aecond .i-la-W ^"J^'^r and of prohe 100. Hither 
22 proBa head ia •"•^"J^ My B . used for imaging 

,3 of the larger or smaller enc loses alectronics 116 

A lower half of housing 108B. e =£ oonta(:ts 

5 and print SO', -hose face ^ in the lower 

! «• is available through an opening 1 alig „ment 

2 \™ half 10SB. A e°""«"0 122 tlna and connecting 

27 housing hoii place. Mounting ana c 

28 pins 124 holds print SO in P ^ simpUfIcat ion 

29 screws or other means have hee M tMt o£ 
!! a disposable ^""^"V™ th . hunting frame to 
3! Fig. S is preferably mounted on 

32 complete the probe. fingertip probe 130 

Fig- 7A is • P-™^ ^"coiment of the invention as 

34 m a c=ordance with a prefer" ^ lJ0 may be 

35 mounted on the ""^ ° rt of a disposable glove, such 

36 separate from or an integral part ^ or Mtarnal 

37 as those normally used for inter u use£ ul for 
" ^ Z^'TIZ^ -pahle masses 
39 localizing maligna" _ u _ 


c c 

2 during removal of a tumor, it ^ ^ ^ ^ 

determine- ^ ™ rtip P«be 130 and 

4 local "Paaanoe MP prov^ea y^ atiOT ^ ^ issu , 

s tn . simultaneous tseti ^ and lt , 

6 contacted by tM P«be. the tu paprtU 

, sxtsnt determined ~ s ^J..t (or otnsr, examination 

q lumps 

aeteotsd during P-""- ne , ab „ orM lity. 

g can b. routinely checx* HWJ P ^ ^ uhich „ sn „ 

w Fig- 7B shows a flex" J prob . array 140 

22 ,s conforming to a b S . lwnen „ 241 which contact 
12 comprisss a plurality Jf sensi * # ^ 

23 the tissue surfac. . which are ^ ^ , plurality of 

24 »lso formed on the f e» elactr ically connect the 
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14 aisu *w which eiecwi-" — .. 

15 printed conductors 142 ^ conducti ve pads on the 

6 individual sensing •""^^^^o, 144 and cable 145 

2, edge of the substrata. » fro „ the a .„,i„g elements 

I provide the final ^ ,1 .rn.tiv.ly. the flexible array 

19 „ a measurement such as a cup (simll.r in 

20 may tax. a «— « ^ fTer and contacts the breast 

21 shape to e bre cup, which «« » ^ ^ ^ inert 
!. Th e flexible substrate m .„tioned above 

fl exibl. Plastic or ls su££i oiently pliant 

wi th respect to £^ viscous gel or conductive 

„ that, with the "* lstanC are heJd ln ln tim.te contact w.th 

26 adhesive, the sensor pads ere h^ ^ 

=kin or other surface, conforming J<0 

2 7 the skin or mtra-oparatlve paddle type f 

28 Fig- » ehows an intra P f<>r datar „ lni „ g the 

" ^i'tirn'o/ah "/n ^-^"2^ 

32 integral sensing array 1« ntlal i y transparent 

33 Preferably, the ^ o£ the array may be 
3 3 4 5 determ-d" nd compared with the impedance map^^ ^ 

Pig. . shows a ^^X. Pr obe ISO may have a 
37 a preferred ^ * Muntad on its side or t a 
3, disposable . sensing ««, ^ profce [50 . ublC h is 

39 sensing array may _ 25 . 
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1 disposable or sterlllsable. ^ ln ngs . 7. 8 

Haiti-—* Pr °"°; ' or sterilissbl. as they are 
„„ 9 • are pre! rably disposable o pre sen=e 
trelty are used ^^^2^' is generally ™ 
5 of body fluios. m «* in addition to the probes 

I need or desire tor a conductive g elaBant3 . such as 

"eeselves. Generally. **£JZJ*» lnK. or sensing 

, elements formed of cone lo genaral lt is 

,0 conductive sponge may be used mult i-eleeent 
U oesirebl. thet the sensing — tori 66 ,.s shown in 

*». be seperated by physical P ical distance 

12 T 5 . under some oircum.tances th- » h * „ ay be 

13 ' 9 ' „ the element, is sufficient and the 

14 between tne « 

18 suspect reg ' studieS or other •«* pro bability 

-Lie 154 includes a series o from each o£ 

i s rr= = rrr.,rr r, 

; -".c:. - •■•«•-•: ,r.. 

me nt) so that information as to th ^ within 

35 segment) s« . r , U p ( 4 when the neeu 

36 from the needle may be derived can Be 
I th . tumor, such an Impedance J> ultrasound . s-r.y 
I u sed. under other image modalities 
39 mammography or other _ 9 _ 
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25670 described herein). 

including impedance imaging . iaproV e the 

t (preferably i«* oc prior „ the M« ^ the 

2 talte „ during the ^ o£ ^ neeule- » J"^ ^ th9 

3 accuracy of > t „. need la M »• inv ntion 

4 impedanc ay _ Mhile this asp =t q£ tM 

5 other l»* s i ; ib . a U5l „ g a blcpsy need * eiongate 

6 MS Ton ls else applicable to ^ fusing needle,. 

7 invention i. ^ ^ needle (suc h a. 

3 object sucn ca theter. , d ditionally to 

g en endosc op Ic prob. ^ wd „ f .rr^ probas 

» Tl-lH number or sPPUcet-' °< ^ — «' — 

11 Fi98 ' „ It should be understood that ^ „ lth the 

are shown. M ptobes in aoc £or „ed 

l3 applicetion. applic ations oay also 

u invention^ ot ^ probes. ^ M . 10 

15 »«» ° the uA shows the us. of the biopsy ^ in 

16 Fl9 ' ith an optional ■"■"> s °"°* , suspe =ted cyst or 

17 „ ge th.r »w^lW wl *•;^ tt ««»^l»•* 
lI perform!- ^opsied by needle 15^ - a£ter 
15 ™»° r 162 Is a „ a th . ultra ^ aesign 

20 164 ultrasound processor 166 of ultrasou „ a 

21 ^ eS9ln9 on M a video display 166. Of cour e ^ 
i, shown on a „ e edle. The P l7 0 

»- " 1U rrare Pr-e'ssed by an „ ee dle 

24 from prob. »* P ultr ,sound wage of the 
. , r . overleid on tne processor 172. 

25 and are Q display pr Fig . 11B 

26 in the displey by ^ jortloM . a, sh ^ 
m one display .,„,„ tn e tumor or oysv 

27 .„dle which are within tne ou tslde the tumor. 

28 of ^e lmp edence from ^ ° 1=ate the portion 
»easure a differ ly . color to indi 
will be shown in a ot cy3t . In a se ^ 

32 mode, the P embo diment of tn employed, 

33 colors, m ^.^^ented sensing •^^^tion of 
3 * CirCUmf Tan cesser will calculate r* £ 

35 tne ^"/^ need le and will dx.pW 

36 ^ ^iTTn tne for. of an "«" ~£ %lao oe used with 

37 ^ example, x biopsy needIe can ^ 
The .mag se ^ 3Q) such 

39 one or more imaging _ 2? . 
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25670 ^ the region to be 

. 11C the neeole is * n lti .element pro 

5 , aoertures) 17* ln optionally. 

6 piurality of »** The region eey. » u , t 
, l..glng the ^ ttam . different angle (f 

8 simultaneously view ap erture. «it* •» ana 30 sre 

, 90 - fr=- the 'tow - ^ Both at ray. eiong „ e 

'0 ^ .«ays. the "^"^/not. ana the two 

lepaaance impadance sensing o ^ or 

° w n h.";"".^ » » th \ r ;\:f.ta" y aispo-"'- 

images he-i-P ster ile and prete uc> 

»or. ««' Ur ; S is i : h l„. very — • tioally- - « inv . ntion . 

an indication of describe d above- 

tJ impedance ^^^'ding systems «~ « * ^ 

Alternat ive g ^ elonga te ele ^ 

» -as, .iopsV - - * e body are s ho«n in W - 

26 impedance regxon rela tively 

27 respectively ^ gystem foS in -hie ^ Qn 
Fl9 ; ate multi-ele-nt probes 28 & breast l60 

large pl««* m desire d tissue, sho 30 gre 

opposite ^Hei. Sensor array 28 rotatable 

° £ 3 Pr ° n : s iton hV positional controller ^ within 

- ^rrrrigrt. * -^r. 1 ^ » - » 

35 t0 Tat positions 184 and 183 informa tion is 

36 located at P tbed herein, sit ion of the 

37 respectively as ^ determines the P ^ ^ 

38 supplied to a CPU contro iier 181. The 

39 suspicious region . 28 . 
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2 t0 ta*e the biopsy- «W r aia in positioning of the 

3 rn/ica«a -ove. this is not reguired for so.e 
5 "JLil**** of the invention . t(>rough 
* Alternatively, biopsy needle 199 y ^ „ 

holes foreea between ^ the eie-e nt, o o£ 
3 described above. »««~' *. 11D , M „„al insertion end 

U - --shows e s s t U« , ^ - — e 

3 which the ieaging >^ ' rt the front. Operation of 

14 side of the breast, rather than ^ ^ ,„ 

« the .ethcd i. identicax to th.^ ^ ^ ^ 

16 additional probe 29 •« Lternatively. one or two of the 

» of suspicious =t l u 8 t V/ by , late s of inert .sterlel for 

I 3 , E£ - — — T.tTS; - breast ha, been used 
' It should be noted that whr ^ 11E , the 

2 " for illustrative ^ /j other are .s of the body. 

s ::rr^;errr th. particular ^ ~ 

r 5 should be understood th.t • "^"^.'[ZZ 

5 6 on the needle « themselves t. elect ^ ^ 
„ -light-up" on th. i«ge- » - • ^ primaty lmag , stimulus^ 
2 B »ay b. th. MS. or differen ^ ^ „ y be 

.ay nave a single freguen « a ^ ^ ^ ^ Qf tM 

t^^is^^ 

34 fro. the primary ' che intraoperative 

35 Fig. 12 shows, very echo 256 to mo re 
3 3 5 6 probe of ,19. • "."ned » h V ^ 
37 effectively correlate the P ln tra-operatlv. probe 


c c 


29 
30 
31 
32 
33 


25670 ^ tissue, A video 

lesion or tissue 

, m arRs 146 is P^ced on the suspect the probe and 

1 256 sequentially views the are disp lays a 

2 camera 256 seq in p i a ce a 

, th same ar a with the P processing by a 

3 tn a video display * J from 
a composit image on a via the iro pedanc data fro 

e «or 260. Processor 260 receiv fiduC iary marks 

5 PrOC b e e 140 determines the P^^/^tpedance image on 

6 P 1 video image and superimposes the P ^ lg 

7 from the viae ^ wit hout the P 
video image, 

ICQ 


. video i» i °y w ' 
! flayed on display 258. sndo scopic probe 250 

* X 13 shows « Wr °^.JUto i llu»in.tor/i». 9 .r 

U used in conjunction .1th ^^ oopto t epedance probe 
1 r« this embodiment, the lap exte ndible paddle, 

12 1" "reed on e flexible. pr.rar.bl ^ preferaBly e 

13 » nlch " ' .„ tne nmeinator/ieeser wn ^ mb 
ls ulewed by tne n in the art . r 
vloeo leager. "-ch « - ng on t b. 
Be either round or flat. P s le , lo n or tissue 
load. When tb. i»a,ar «' ^ iwedanc e propert 


14 
15 
16 
17 


s -"■ssvrs; :--- - 

21 element approp 

* -cs, — »rr -jr- — 

- preferably used to aeterelne tb.^ . 

25 the video xeage sl „ usc to tbat 

26 lU ueinator/»ager 252^ 

with respect to rxy . system using any o 

27 3 xn a preferred embodiment of J ^ prQbe or 

28 nJdle intraoperative probe, 9 sound 

29 biopsy need ^' described above. an a 

on nther embodiments " „ aT - ame ter measured by tne 

30 otner tmnedance parameter SY stem 

31 rzrzz " — - ^ r;:rrti:n. *~ - 

32 or other nay be usefu i « access 

33 ^s' Placed in locations "^^^Vurgery. Sucb an 

34 probe is p suspec ted lesions dun g tone 

35 vi ::rso:r=o" d « - ■ - 

36 audible s oroP ortional to the m .,_ ted voice 

37 ~rjzz~- — • " usic tTst 8 ' £ :; r^ioei 
r, rr-e. — ?;. !isoM 
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chMIKt ., — — M,iMS ' or 

1 procedures such as 

2 other examination- est imating the depth 

3 16 Ta'Jt determining if a image contains a 

4 of a lesion and aiso 

5 true lesion or „ ig imaged by a probe 270 

6 a breast or other reg fiA and 6B The 

lfl the probe of Fi9 s - estimated by 

7 for example, "en® * deviation can be est 

, oepth of . 1— lmP 'V «h.r region by . «».« 272 or a 

° rrdVsVac-t - -■^■nr.r 

\ level as the lesion. It shou de viation on the 

J', pXetlon cause, "ove-ent - J-^ _ _ deviatlon u 

It tSTitT- atloI> of variable egression 

1 m a similar manner. . var lation of the 

J „ the imecln, probe "U 1 tM prohe. This 

'J, aistenc. from the probe to devl ^ varlat lon in 

^ alstanc. :r: h . deviation, thus helping 

- ^.r-r b. driation is -« '-"-probe can he moved 
" Mrlf Lt.rn.tiv.ly « 

"3 along the surfeoe of the . tendency to either 

- thl8 =.se. surface .remain stationary in he 
reappear or to move Jith the ^ ^ ^ imaga . „ the 

^ Alternatively or ^"^g t. underlying structure 
can he moved together .ithout mov « ^ ce 

w ^ e the bones). T1SbUC ^ . c- r ~ w iil move in 

.^nary" the image ,hil. bone artrfects 

, . ^<nn. ^_ t-he oresent 
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32 opposite direction. t0 the present 

^ration, a y . . _ 


33 

34 

35 

36 

37 

38 

39 


operation, a sensing 

inv ention measures «£^ lllt (ty plcally the signs 
cements and some reference P ^ oenerall y. rn 

-n at some other place oi ,,„„ image, the 

:::: r;^ . --^nr::r-- 

-« Piemen" in the mult,^ ^ ^ 5olely „ cha 
distortions in the ei _ ^ _ 


c c 


• 25670 difference between embedded 

ca of a local W— tumorl end surrounding 

1 PreS .. .. type 9 » a " Pl ' nermel adipose ""ue). 

2 tissue cf on or exaBt ,ie. « r .ference 

3 ti e»ue of «"* '.J^ in the errey. ell 

' ne'tp^ Pla=- «« «°* J al ground, end th. 

5 point 1> typ et groun d or proBe la 

, sensing elects ere ^ „ee.ured Jl" un .. „nd 

, current dr.*> « * the electrrc ' lar to 

3 et ground (en «»' ttl . elements) ere P prine iple. if 

, th . current « .^^..ieeent prob- J^P ^ 

.0 th. ^ £aCe o ° v £ stla tion. of 1.P.OSOO- ^bel o ^ 

Ll th .r. ere no jar l.P*denc. ^ nation of 

l2 el e»ent »e..ures „ la us .d « * or les ion. « 

, hia £i«t order y o£ . tumo , cy ^ . 

th. posltlo" '""/or mult i-element P™ The «ee 

v=x?z r-r-'HS 

21 provi^ arouna ^ &t the ^ q£ merely 

straight" * he one is desired. can drawn by the 

Thi s ;/ u ; ably disto rted cur- « ^ 

ign0rin9 atTor near) the edge of the «^ ral . while the 

„ elements at (or ele ments. in B edge of 

I measurements made by edge ^ ' to determine 

27 U se of a guard ring ^ e ^chromic values 

» ~ erf- common or ring and not on 

29 values fo Qnly on pixel 
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near the ring base imp edance 
the image as a whole. ^ the basel 

Furthermore to P impe dance image by t ^ an 
d resource and the region near the^, g 
the remote *^ al elec trode may be placed . f 

additi °^i V :rn- - multi-e T;: probe-^ ^ 
body relative iy ^ arm of the * £or se nsing a 

«" ^Tf- be front, a of the shoulder 

tl/e^e Toltage can be placed at 
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25670 = a r then reduced by 

a ot «. - - — • 

tne impedance value elements of the 

Alternatively. ~ to form a reference 

* -trS - ofVimpedance map la corrected 

5 impedance, auu 

, £ot thi. reference , vold « la a.t some of the 

one way to »»"" nt " 1 * use th . apparatus ahown a 
8 etove- mentioned P™"""^. the app.ratua Incorporatea two 
, «,.. 1-3- « ind T30 The breaet to he imaged ia placed 
10 prob . heada 28 and 30. The co „pressed hy the 

° between the probe heada ^ and jb. b than ^ x . Rav 

heads (although Z JV<°™* > 

13 mammography « ^^lon between th. probes. it should be 

14 volume and fills the regie ^ ^ gf ^ sanaing 
1. noted that, if the current i. aif£erent 1M9 „ 

6 elements in both ^J^J^ Avoid ence of the problem. 
, of th. -am. "'^^e'roTulti-.l.e.nt probea are not 
,8 also results when the 

19 parallel a. deaoribed ebove. th „ MgBS 

' It ahould be noted that when 3 ^ „ e 

2l produced by the pair of large. "« J™^^ „ a „„o,r,ms. 
2 same geometric """^aTcompraesl- orientations, the 

23 Ku rthermor. if used in the same^P ^ „ 

24 impedance images =a" pre£ .rred embodiment of the 

25 corresponding "'^""'J" fn, to the impedance imagea 

26 invention, mammogram, co ™ W«- • scannlng or other 
„ to Be taken are digitised, using ^ ^ t „ 
Z Hoititetion means Known in the al , such es 

3 otherwise combined to form 'J™^^ ln „ hl ch the 

34 could highlight those areas ^ ^ cOTpinao lnag e 

35 impedance is particularly low ( lBpadaBC . and 
thus presents two „ eU ae£ i„ed anatomical 

37 radiographic density) of the " ion . to facilitate 

,„n in a known geometric orient , lliati on. 

38 region in a corre i a tlon with anatomy and loc.li 

39 interpretation, correi _ ^ _ 
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■25670 isolation of objects in an 

lt is well Known that « of the object from 

1 is reduced with disxa dist ance of 

a impedance image " posslble to estimet. the ^ o£ 

3 the prpb.. Thus. Msed on the rel 

4 theoMect"-' ™ P „ 0 dl££e rent pro- ^ ^ 

5 the same object o ^ breast „ a y D 

' "° ui \r: n rec a .. — « 0£ « ^ 4 

8 !Lly 'l°» ttn9 Whi . Losing .lectronics). and 

, eXect^caU^ ^ . « --^ describ ed 

10 ot. signal source is used as P ^ „ 1M of 

U » remote sig lned from the ona P otftec 

12 A fter an 1-0- 15 ed to obtain an image 

13 th. two probes ^ ^ ^ fUt 

14 probe. £ B ii of the elements meas uring 

» Ai :;nr«ified » - ° nd 

16 P«bes are ele ground . the our ^ ^ ,„ 

» ^"7 » « le " e "" ° f f th. region between the 

18 rSCe one! admittance image of the 

19 dimensional inva „tion. one 

20 Pr0be t„ , further preferred on on. of the probm- 

21 closely spaced sensing alemen Tbls „ould 

22 or a few tba others are left ' , lectri fled 

23 i, «leot"£ied. of current; from ^ proM _ 

24 oause a se nsing elements on t 

» • l *" en h ect would disturb this flow ut>ich are 

26 the object w onge3 t for those I£ , 

27 variations "hichar ^ the ■ ! ^ % 

» » tM P f such measurements are - then good 

» — «-* °* arou p of electrodes being elect ^ M 

30 different g th . position of 

31 information reg ^ q£ ^ 

32 obtained. a3 indicated above, ort g ^ 

" t'ere » In g-mg ^"fj^^ « '"^ 1 

34 breast are CTbod i„ents of the in tM rea i end 

" edat = ^ Plurality of ««,^ ^ calcuiate d. The 

36 imaged at a v impedance a tissue is a 
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25670 . characteristic used for 

. of th impedance measure o imp edance (or 

1 functxon of th ^ pa f th 

2 ft ° iroa ginary part of the m ^ ^ ^ 

3 admittance) J- « impedance (or ^^J'^ funC tion 

4 abS ° 1Ut ror admittance), the capacitance °r 

5 impedance (or ad tance compon nts. 

x impedance or oi a impe dance measure 

6 °* "„ ?P»C*1«1 "J*, malignancy and non- 

7 Lxl»u» contrast between a mine the . 

8 ' 1Ve t "as! It l. t^efore glv e maximum 
, malignant atto „ of « Muen "" " one method of 
l0 frequency or com lne it q" iokly ' fiequ ency 

detecte^Uity - d to is „ perfore swept ^ ^ 

de ter»inin 9 «•* «„.. th e frequency or com „ t . 
— " 5UltS rte^'et r"at i v. l y.c 1 cs. 

frequencies of "^ eved th at for many 

15 Alternatively. ed „ ls °elreve 

16 frequencies four samples should ~ rab ly. at 

17 PUiP °r no-din, -0 and 400 »s an- P^ £requencies 
ie between and additlo „ a l Wages are 

19 lesst one o ..eitstion and 

20 up to 1000 K.^ „ use . Pulsed . sex o£ 

» * S ?„°e" ys " i - 'Tr requenc\s S determined 

22 rourier analy _ frequency or , r e, ^ ln , 

23 frequencies. Th d measurement ere ^ 

" £r °" thB r Sip" «U— » measurement A pul ^ ^ 
single or multlP ^ ragaca ls a 

ha s been found usef going puis 

puis, naving fasC r ise and fall «— ^ rlbed 

"" liSeC t B .T:rm«sure. of the -^^"^ent areas. 

A have oeen found useful «r comparing ^ ^ 
below, have M it is useful to disp lmpe dance 

of ««- iM9 \^:; r .^tetion of tb. values o h P^ ^ 

°' ^Ctber en's linear scale or ^ r -absorption 

33 measure, either ^ ful v ^ 

"^e ' -hers the value of an impedance 

M ":v,. ( mas-l»Mexp ( vM«as-l»-l^'--; ^ 

„here me. is th. " — » 

the display is most usef_ ^ _ 
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25670 , h . mniaum or, average 

Hlvision or subtraotion of tmoted . ,t ndard 

1 Slth " Clea-e in the £ to. 

2 value of the . ^ of varl an=e windowed 


1 61 /the oeosure ih the dl.P» " lmage . 

2 ValU \°l or other -sure of variance uy uindou ed 

3 ^"^thtroore. ^ measu 

rurtne values of ,., atlv . window of 

6 actually an tho ^ value ba 

, selectable sis. * ^ „ B aispley ^ „ . 

«•• r„.i^ • M " UM * l e raoote froo the 

, datarained «i 9 irtegulat iti... parage ml 

l0 raglon re«ot. Alter „ a tively. «- . M ■ £or a large 

- " 1PPlS r ° d er"nad average value » ^ region on the 
be a predeter Altern atively, a reie bas eline 

° f P r= n ho»on by the user to determine 
lM9e "'L oe used for windowing. ^ naasur „ £or each 
a " era9e ( l .The display may show the oxa o£ nu=lear 

While the u example. u» ° » lnvan tlon 

„„, .. «-•• ;rr%»«« « 

. The measures the image may 

for ^ £ ::i; afand polychrome - -~ . 

26 single fr=0uenoy;O ency iw 

f corlctenc. and Phase of the arn i„ad 

28 capacitance^ co ^ ^ M aaaaured « ^ or aC 

29 tangent. The M „siti.rty » preliminary 

30 fr.gu.ncy. « * 9an ,itivit, deterem^ , ^ ^ 

31 ' ItWU 7 pulsed »...ur.».nt. can surr ounding 
TZ°Z fretncy. - » - * ^nUance «" 

- a s :; f :;^ < : — s usin9 line3r 

values determined . 36 . 
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25670 online, band 

. --^tssrrsr— i. - - 

2 limited Fourier co 

^i-ral width measure. For 
J ^ O ne poly— --"^Jte V .XU. of = parameter 
5 . given pixel or region Mltn f requency. The 

alls <enc the • th. width » 

J spectral width ° £ «" ^ as spared to the value at 
7 8 percentage fall In «- ^ If the parameter dees 

, some low frequency, for SM . P „, easur ed range It Is 

! fall by the given percentage in mea sured 
S Tsslgned a'n impedance .".-^ the 0 . S pectrum is 
"nd'idtH. Simileciy. the '^.Parameter compareQ „ the 
, tM width to a given rise in th 1Q0 Hz> or 

f 4 riu. at some low * 

It alternatively t- "11 ^ £or example 

X. compared to the ^ ^ 

» 3000 r second polychrome meaeur. « a ^ 

which the "o preset frequencies which 

» " 1 ~ 0i r r seU:.ror -eh say ""^^S^. 

S as all of the others - . £ ^ cho sen by the 

I US "\ third type of » *" "l 

. ,„tiv. Difference Spectrum deter of 1[lterest 

" ILtance or conductance for a given ' region 

28 ^ tingle Pixel. « ~»*" ed *° '^ difference between 
2 ' he spectrum to determine a Kelative 

^0 over tne speu f rpa uency. The tnus u« 

31 th. two as a ^"°" 0f th lnnaly'ed. for example, a spectra 

32 Difference, spectrum is then* J M>n £ound to be a 

33 width measure as Nor eally the width a. 
3, useful measure of ahnorm li t.s p 

35 measured where the relative d £ ^ o ^ equal „ that 

36 positive to negative, i.e. ' thi . spectrum width 

37 of the reference region, for apa ^ 

J is designated - _ f ound to be especially 

39 crossover (FCX). m _ 37 . 
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* ^ c «ue types as described below. 

2 A fourth type of po y simi iar to the 

Rel .tlv, Ratio spectra ae«r.in«i- « th . rat io of the 
. Belatlv. difference ^"^^ the ceglon o£ interest 

• values ^t;: :;; measuce can be determined for this 

t u used. A spectral »" Relative difference 

, spectrum in ^ measured -here the ratio is 

8 Hr^ th.^ as the width cf Kelative oif ferenc. 

, Spectrum at the sere ««-^ B ^a'sures are the Positive 
» fifth type of >° l £ h '° Di£ference for capacitance 

„ and Negative c , £ cr capacitance , or . (for 

« and/or conductance ahorevi. ted calcula ted by 

14 conductance) «I» ° «">J aviations of the 

« adding up the ^ valu „ in the erea o 

16 capacitance (or cond representati ve value (or range of 

17 at .„ormellty free ""-^^ conauct ance) at the various 
w values, of the representative vslue or renge is 
X, meesured fregu.ncies This P ^ MClud . 

20 determined from Pis.1 value' a „ ce (or conductance 

21 ..ceptionelly hi, ' . C . N1RD and a CfWO if 

22 values. The ""^^ £ro „ the repreeentetiv. 

23 its cspacitance deviates p an(J negative ly fro. 

24 value for son* subset of the _ f reg ^ subset o£ th . 
23 the tepres.nt.tiv. « 1- measuras have Baa „ 
S irurrre^ 'useful for characterising tissue typa 

s - t:i — - r.r:rrs:r sri 

To a given .1-1 » - ^ £re guency range. 

31 piurality of - d i3 the sue of 

32 typically 100 to 5000 H c 2 - o n reque 9 nci es. typically about 13 

33 the Phase over a number of freg ^ Alternati vely. 

34 frequencies between 100 an idal rule or by 

35 integration may be perform* »W *. * P ^ ^ 

36 integrating another cancer tyP ically has 

37 th . desired freguency range. tearatad tangent 

- -kt^t:^^ - - — • 

39 of the phase xs <** - 38 - 
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i'c the integrated phase 
. .=„.nth polychromic measur is tne int « 
* . in a given image, the phase of each pixel is 

2 di " ar T a \ each of a plurality of frequencies in a desired 

3 measured at " CD 1Q0 to s , 00 0 Hz and th median or 

4 £r " qU Toh r ase detained for the image at each fluency. In 

5 average phase de aver age. the highest and lowest 
, ca.c-X.ting the -dun or the g ^ M thod. 

„!„.. are values U . within a specified 

including °" 1 ^ i " h ^ such as only those between the 

range of the valu „ £or the image. For each 

25 and 75 P«"'"«" '^'J £or tha lma ge is subtracted 
frequency, the « « » This result, in a phase 

12 from the phase value f DOSltive for frequencies where 

13 difference spectrum j*£ » ^ n . gative 

14 the Pixel value 1. higher the ^ ^ che integrate d 

15 i, lower. The sum . «* ™J ^ che poJltiv . p n.s. 

16 phese eiffe-ce^IPP K ^ pha „ ai.ference. Both 

ii srr^. « — - hi9h « £or cancsr than 

19 normal """-"^ ""mlc' measure is the specific frequency. 

20 » el3 " h is assured at eech of a plurality of 

5000 -: ^:; su a i rinrr;io i „\r i rf d unctionai ««■- 

linear function a sp at uhlc n the phase 

« «nown i" tM 8rt - ls ae£ined as the Specific Frequency 

26 reeches 45 degrees is ( rjnge o£ 

27 specific Frequency is ™»£*£Z**. tissue (range of 
» 100 to 300 HS, than for no- , „ 

30 at tne sp cancer. 

31 polychromic measure, being lower ltance spectral 

a ninth polychromic measure is the capa 

32 " e the derivative of the capacitance curve (or of 

33 slope, i.e., the ae func tion of frequency, 

34 the log capacitance curve), as a ered to be a 

35 evaluate, at a given freguency. «^ requires the 

36 polychromic : measure sin - ^ ^ ^ ^ _ 

37 measurement of the cap 5Q00 Hz 1S 

~ .^^rai einoe in the range 

; SSS^^ - * hi9her absolute value 
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oixels particularly at low frequencies 
! in cancer vs. normal pixels, p 

2 such as 100 to 500 Hz. cond uctance spectral 

3 ., ^ r ^> oTZ conduce. <or of th. log 

4 slope, th. d rlvat n frequency. Conductanc 

5 =„ndu=tence, "*\ 00 „ 5000 Hz is typically 

6 spectral Hop. i" » ^ cancar „. norB , a i 

i n:tr ^--7."- - - « - - 

9 HI - „ „„ PIRD meesures may be defined in various 

*» ** 1RD ~* P Z deviations from the representative 
U ways. For esa-P". « _ ion only when they exceed 

12 va lue «y he used Bay be expressed as a the 

13 some minimum va ue^ The d pre£ . r ably a. a ratio or 

14 eotual nu..ri=.l deviatr on .^ -Md . Aviation of the 

" " ^ - --"noe which is ch.raoteri.tio of normel 

16 capacxtance 

17 tissue, e. reprasentatlv e of normal tissue is 

18 preferably, th. value ' » representative of some 

„ derived by of ,1-1. f » F " 

proportion of the "tel an om.lous portxon 

example if a - «^ * "n. image. *" « ha " 1 " 9 
„ oooupied less than 25* of th ^ ^ nQt fte 

23 eaoh of the "^"'^iv. value would then he. for 

24 eon.id.r.d. The "^"^it^e or oonduotanoe of the 

25 example, the mean »» 1 " e aevia tion would be the range 

26 remaining pixels and ^a ^ cons lder.d. 

27 of Pixel value, among «*. 32 pi ^ ^ praotlcal 

This o""" 1 """" al „ ays at least 50% of th. Pixels 

„ oonsideration that « *^ that „, any other measures 

30 represent nor»l ^ o£ the -standard" deviation 

31 of the representees vel u ^ ^ lnvantlon a „d 

32 will be equally u.efu! * the PJ „ ays . 

33 that suoh measures may be comp consider ed -normal- 

34 Furthermore the range of pixels actually 
« may be adjusted depending on the W ^ ^ ^ 
36 being mea.ured. For el v al„es such as. 

with apparently high values a range P ^ ^ 

for example 20%-50% (instead of the 
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. Another PC— y usefu! P0 =i = - 

slope of the « * trcu- geneta u, has a 


2 
3 
4 
5 
6 


slope of the logarithm or tn. * generally has a 

Jon as a function of fre,ue ^J^J^J ly , the ratio 

— ntative vaiue may 

7 useful. to consider, as en 

Furthermore, it may m „ lnuB of one of the 

, additional polyoh «-io- ^ capacit a„ce. 
10 other polyohrom c « ""-^ spectrum . native Patio 
U conductance. Reian 

12 spectrum, etc. are excluae d from the 

„ general. some P . N0 . contao f pixels 

U oh.recteris.txon ™«« capacitance values and 

15 having near sero condu pixels „ lth 

16 -contact . or conductance values, next to no 

17 elevated capacitance 

£ C/ance measurements -J^^^ST Z 

Z women, normal """^"^'nipp" s — ' C 
n conductivity. J*, tissue with the maximum 

22 and G values than the surro typically 100 He. 

23 obtained at the ^J^Luctanc. remains very much 

24 The nipple capacitance and ^ Hj fQr 
Higher than the ^^^•J^'^oo'h, for older patients 
-rtile Patients and u o h ut ^ 

.. (which i. reduced to 140 otes rapreian t the normal 

28 replacement therapy). Th« . 1 Relatlve and Difference 
M ran,, of spectral -r dt ' ^ by vary h igh c and . 
30 spectra. Tumo" can be re J „ alues at all 

reletive ratio or relative di££e rencs or ratio 

h«low 1000 H2 and moderate a 
frequencies below higher, 
values for frequencies up to 2500 Hs fcy 
cepacitance and =d"d»ot.no. v. , by 

35 comparing the ^^ngTth of these measures at the 

36 the sensing elements Knowing iBterpr etation. For 

37 same points is useful .proper ^ ^ ^ q£ 

— Ple - " jc^t nd reduced capacitance .especially at 
elevated conductivity a _ 41 _ 
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, ««forablv less than 500 Hz, 

1 ~^™™^TZ ZT^O« 10 «... X. 

2 by generally Below precancerous etypicel 

3 associate* with « £ canc r typically has 
* jTTn, JI«lvlty over, generally, a 

i ~ rrrrge. .. ^ - - r — 

7 — di rrt: -tr^ i^r- ~ — - 

8 frequency samples oe c frequency range 
, the conductivity - "the display of hoth 
10 can be tracked. This al.o req lmpe dance 
u capacitance an^ co^ctanc.^ Qf 

12 measure which is oase 

13 two. . iilatlna c and G are given in the 

Methods '« «^V1.2,1.70. and 4.458.6,4, the 

15 abovementloned OS P d herein b y reference. A 

16 aisclosures of which «• ^ ta „ es advantage of the 
U preferred embodiment °' ^ use o£ cov . r plate, as 

18 calibration <^"™"*£' „ can b e shown that If the 

19 shown In Flga- » en . .pacing. 6. such 

20 received "JT^^ ^X.. «- «- — «" 
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24 

25 and 
26 
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28 
29 


G = £(g n (V (n+ %Nr V n>' 
0)C = S(c n (V (n+ Jj N )- V n>' 


oC = E(c n (V (n+)j N)- v n>' calibration 
«h o are constants determined by a cax 
where g n and c a ^ ^ ^ ntn sampling 

„ P p r oint d ("t of N). The first sample is ta.en at zero phase of 

'so ^-^^"easy way to determine the constants is to 
One m y eagurements Mh en cover plate is in 

32 perform a series o described above and a 

-tact with and the 

lB ! e r C %'. N coefficients are required for 


33 
34 


c fnce N coefticie»t= 

35 cover plate. Since ^ frequ ency. N values o 

36 determining g„ ano „ requir ed. For example, if 

37 admittance and N measure- s are « are 
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25670 hich are then solved 

tionS to give N quations, er q£ 

lalples. the ^X^SS and computation «. 

sys t m, however, tne c« 
t tiered feuer saB pia, are ^» ^ br «» 

5 "T^sTr^ent. •» ^" 9ed - rt f A=« of noise. 

7 "Tcu =r--...n« TO ^ * ;;X c . ima9e can be 

probe and tiss iouer c an<J 

or nippl.. rec ogni»d W their typical surround ed 

BUBBleS oarad ~ • 0£tOT ^'V can be verified 

° 'r.t.'X -uch higher » ^ -» l £ V o r the .Kin and 

17 W nd P "itino^d by removl", th. >£"J ltU ^ conductive 

18 and en-" d „ r t, y applying determined and 

19 repositioning artUa cts con be d.t ^ 

20 coupiing agent CO ai ^ ^ translating ^ ^ 

accounted 'or J." aD0 .e »ti ^ 

viewing the lees respe ct to the p 

23 disappear or remain » _ .. ^n ^ ^ 

M J e S f rom the motion of the pro ^ »» ^ 

25 opposite fro Be „eath the 

» deSCriBed hUe° the Ptohe and skeletal structu e -p ^ 

27 moved, "hiie th P uU1 move . If the 

» onlV reai -sueje ^ ^ ^ ^ _ 

'""I, a, described above the p e a^ 

,K=r without moving the u „ f(ec ts will remain 

eoved together wi ^ ^ surface uill 

34 move m aevia tions. ....„..» according to a 

35 ^"r A shows one sample o* a display 

36 ' d embodiment of the i^ention- on . 
" "tance and conductivity images *t « ^ q£ th . 
r, "east - shown, together with 
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25670 these i-ages were .acquired. 

l positions on the breast e« th . aispl ey includes 
\ P I„ perticuier. es --"» '* £ive set3 of capacitance 

3 th. capability of displeyin up ^ squares . 

! end conductance images n the « lndicated „ 

\ Zese i»a 9 es are "aoc.ated wxth P ^ „ 

1-5 on the breast image s < rt „ atick or other 

. ofgital P-W *" 1 ^, . sguare is approprietely 
° 9 This device is »» 1 ^' t ; a 4 g ; B " h l e ..eainer then presses . 
10 pieced on the Preset ieage. ^ „ Be . d 

button which causes a parr o rlate square, and the 

15 right. Prefe dime nsions of the breast ^ 

ifi image so that tne compatible. It snu 

" ^ - ^g^iloe^o, - probe, reel «- 

21 large represents an a sitU ation in 

22 Fig- 14' wn h smal i images, a suu 

rhe leftmost of tne s»» previously 

23 shows, m the hype rplasia which was P 

30 r^ J—" 13 ^"^0.1 of multiple suspected 
Fig. 15 * h °" s 3 St y 2 and 4). The images of 

3 3 ai t.s of carcinoms , in > = £ ^ ^ Uft o£ the 
£ p OSi tlon 4 are shown in enl erg. ^ co „ ductance 

34 image. In these »«s sutro undings . 

35 are elevated with respect to the h ^ ^ Mgs ot 

Alternatively, a composite ^ iMge s. therr 

37 the sum of the capacitance and «» „ glve . 

- — — d M - * oolor 

39 similar indication _ u . 


f ( 


75670 displayed. where. £or 

„„csite image can also he b .Vblack and 

1 C ° ded la e T. Uan value for e ach « « a patticul8r 

2 example, th ^g.tiv. ™ lueS " in distinctive colors 

3 * " ^ "en combined would result 

* ^ impedance deviations . „ can „. 

, fo r suspect imp , M «n - »»' o ^ „ M t . gl0 „ at 

6 „ « show a plurality of i » ageS or .dditionelly. 

7 UtU " r ^iTy cTr^-enc"- ' tel"* of different 

8 a plurality x#d to sho „ a p on _ us in,. 
the display can D res)ion . in a 

10 polycnroeic ° aa aescrib ed below -1th » ^ 

u £or example. ^ o£ ^ measures csn ^ ^ jtngle 

12 tMt \ fna tissue type more — «^ . u ., an image In 

13 i " ntl£yln th . display may include. ^ type . yor 
M measure, r" ^ i3 ^ ions of the map 
15 which portxons ^ Mlor of P 9S tn . 

" ^ ^ ««.nt «. type of tissue '"^Jicstion and 

l7 could repres-n Mtlon . The typv p «ticul.r 

ia certainty of «" on th . probability » assocl »ted 

w certainty would deP on , ic measures a ^ 

30 — " ° £ V t ::::ia tissue type and that not : ^ 

21 with a PS 1 """ sp eclfled range for any P „ ( tn . 

33 re' ^ nation with the dlsP ay ° « - either 

S C^r:::: £ determination of the 

S use e^o color lea, of ^ for^a 

30 portion of *\ ln it s assigned colo aisplay ed. 

31 type « is dismay ^ ^ dlf£erent color 

32 such criter" crltaria are met. 

33 depending on which ^ th . lue s o ^ 

34 "tST- «" in9 isocontour lines 

35 as iso-oontour conjun ction of recog „ized 

36 the measure. « ^ ^ type „sy then 

37 characteristic ps eudo 

38 from isocontours onally . the image can 

Alternatively or _ ^ _ 
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25670 delineated as - 

binary P- *~ * " ^.u. type involved, as for 

; - *~rzz£.~ m caicuiate : 

: «.su. of specific types- Such ^ operator „ 

» ~-r t b e a .;fouea :« .m types 
i 2 3 cci-- of ^-^u - - r;: 

« a i and abnormal tissue . eecri bed above can oe 

» Tjrcri^'polyc-ic «• - 

15 "**«r'in indicating tissue type. e>pected , has 

20 US * « M. been found thst nore.l Jissu ■ 

21 .lues of all ° £ the ™ easU , -.ptrd and C- 
" 10 " " "Ilry rid"- nave a vary nign velu e f 0 * » 

23 lnfr a-»a»ary : . ^ ^ „ alue .«cr » q£ c . 

24 " RD 'T-e costo-chondral Junction MVS lo- ^ 
» ^ ~ "cdarats to nlgn «lu.' °< ° , „ oderate 

26 PIBD "of C NIRO. Typical oenlgn ^petP"'» q£ „ x a „ d 

27 VS1USS Of C N _ G pIRD a nl g„ VS 

28 » W9h Val :«l. precancerous atypical W«U.- ~ 

29 "° """a i U« » ~« °* W r\Tc" and C-.1B0. This 

30 'Vo-PIPD nut Has a aerate di£fe rentiated 

s Vr riatr^r Urous . ^ 
-r^rarnrd^ 

r^=.° — - - hlgn C ' PIBD 

36 tumors, w 

/-_ptrd ana 

07 NIRD. r pTon C-NIRD, G-PJ.«u 

39 a four dimensional spa _ ^ _ 
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25670 tQ represe nt such a 

, designated by a single point. In ° o£ the four 

1 deS19 oaoer two orthogonal proj ort hogonal 
•7 soace on paper _ e suC h s t or 

2 space require d. one these 

3 dimensional spac and l8B . wni 

, „ e is shown in Figs- . t the 

a projections is measu res, tney y 

* * *..iiv describe an * uu _ the SO ace 

S ,in,i. rawing is P um since o „ ly ^.itive v 

? orthogonal projections. .» « «• repcesent s a positive 
« projection in «hich each of the axes P ^ inforBation 

3 Zltl cr on. of the -^-^ sh ous two ortho g onal 
f 4 In a redundant manner » sl „ ce it sh o«. .XX 

projections, o£ T^ — — - » -f rJ,^"— 

^-1 lunction) and tumors. in 

£ " X.C, the distinction can iMged . Th us. an 

23 anatomy of the portion of the P ^ ld be 

amhipuou. ."tlmor/rlP far from the ribs 

ols „if ied » » tun,0t " r Mhere the anatomy do.s not alio 
L classified as a tumor. Wh.r ^ tumor „ nion 

b j.t.rminatlon, such as tor different 

30 anomaly been 

34 underlying the a ally useful in ti 

35 also believed « b. « impe dance xmag.ng sy 

37 and also m situa ^ ^ potentially 

F or example, the ^ where either 

39 determine tissue types _ ^ _ 
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25670 uhe re the image « small and only 

, w edance probe is us d or whe ^ compaflson £oc 

1 sncs.alous areas ar imaged- n the „ the value s of 

3 a ter-lning the measures t. « ^ res , 10 n 

' 4 — measured for 8 

I reason Known - - „ aetet „ ining th . type - 

6 Th e method is als ° USS£U a blopsy needle or contacted 

\ ussue which .. -^ b J ^ £inger pr ob. of Fig. 7A of 

, directly by a probe such as th ^ ^ cases . 

» ~ Tr:ayrrde°:et F ;. 9 .n values at the tissue to be 

S raided and other ^tagr-m of a preferred 

" Figs. I'* * n<J 178 "*° 0 „ hich incorporates a number of 

13 nf a system 20U the. exact 

14 embodiment of a sy ^ underst0 od that 

16 design of sysx tQ the system and the 

17 ^"ifJ"" d.-ib- -f t ;;;;r; r .a „«- 

18 modali^ ie5 ' -«„. i7A and 1"B tne y Q 
* As shown in Fxgs. 1™ late pro bes 28, 30 

19 ' hioosy needle probe 154, ag 
incorporate biopsy om pr oDe 

20 incorp _ n Figs . L . 3 , sea t shown 

21 ■** 35 th ° S " Fig . 6A, conformal probe 139 such ^ 

22 ^rTs a bra-cup probe. «~'^ "such as that 

23 in ^9. 7B ' 7A , laparoscopic probe 15 ^ 

24 that shown in Fig- , ope rative probe 140 as s 

c-,- m Q or an irvc« d as in Fig- 

25 shown in ' uhen three pro o.s probe . 

" " 9 Jision i. ».d. «r attachment of a thir J 
27 HE, provision is , probe s is co 

- - nsr~ in 

f 0 - Z o a selection switch 30. 

« indicated by reference numeral 302 ^ 

32 which choose, one or more of < P ^ 304 

fa command fro. a 0SF processor ^ ^ 

34 switches the outputs the proB es (or amplified 

- — a a ; ::sic- e . r: s set of , --rr.::: 

36 Unprovided for each -^J^ mor e then 

37 amplifier ^ pW , probes. «» (i) 

38 probes such 

39 64 sensing e iC - 48 - 
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oups of 64 sensing elements to 
! seguentlally switch >r ^ ^ MnJlng elen , ents on 

2 amplifier set 308. (2 > • a array by skipping some 

3 a coarser grid ^ ^ , very sae0 nd element. ,3, sum 

4 elements es J"'*'^, t0 give a new element array of 

5 signals from ^ acent cn00se only a portion of th. 

6 lower resolution and/o ( > ^ ^ ^ suitching 

7 probe for measurement ^ or to th . switch by 

8 activities and COT ,„ a nd from a CPU 312. The 
, OSP processor 306 .which acts ^ ^ „ ultlple » er 307 where 

10 output of the ^llfl«= ' conversion to digital 

u the signels are ~^% P . blt , A/D converter 310. A 

12 form by '""""^ 309 . preferably providing . gem 

13 programmable gein "*^ fl " a „ plltud e of the signels. is 
ia which is "pendent on * ^ o£ the 
J 5 optionally provided to match the g ^ ^ osp ££>r 

, a/D converter. The -^J^'"", pt . £et r.d embodiment of 

1 7 processing as descri ed above^ J # hc 6e332 

18 the invention dsp 

19 microprocessor. chosen for conve nience and 

20 while 64 amplifiers na 

iower cost, any number of amp U«« - ^ ^ 

The OSP «^ 1 ; o t r eS dl t s h ; iay on a graphic data display 6. 
23 results to CPU 312 for disp 7 ge nerat.on 

tzxz sr* 1 '. - - • — 

26 indicator 316. s signal sampling and 

27 Alternatively, the u ore _ proce sses them, sending 
I everages together th. ; samples ^ ^ then 
on <-Hia averaged or pre w 

fo performs the impedance calculation^ ^ ^ ^ ^ 

31 The CPU mey also rece tive pr obe. from an 

32 £or example, when use with an ^ u „ en 

33 endoscopic optics and camera ^.y lapatoscopic probe 

34 the camera views the outer surface o ^ 

35 or from an ultra sound .mage ^ when an image is 

36 performance as shown ^n F 9- ^ graBber 324 is 

37 ac quired from one of these ca ^ ^ cp „ As 

38 preferably provide d for buff mg^ ^ ^ che 

39 described above, the cpu ^ _ 
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25670 bes for display 

!«.<..« Prided by ° ne ° 
1 1BP *" Jajetion to the operator. re£erence signel 

3 «6 which receives control excitation 

4 9Cn * r r r The "fatance signal generator generate ^ 

5 T al, -"eh .« generally d above , i. 

6 >l9 „ relerence probe 13. «»!=». .» « Q „ ttie bo dy 

7 ""'Tat a point (or at eore '""J^^reeent. Signal 

8 PlaC ! e £ U the region of "" v . f ore, pulses or 

' "Trator 2 P" d »~ * VTnV a hipoler sguare shape, 
l0 generator (including a Bip eltc itation 

" * Plk "lt V ;i°ch-ic wavefores ™™™ ^ to D SP 30. 
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15 
16 


in CPU 312, 

18 output of sig simplicity). a enerator 

20 sensor 330 is p se a by short circ 

21 to avoid °« rl ° a a *\ he imag ing probe or ground 

22 reference probe and ^ ^ internal « 

Also shown on * . ot - ab ly used for 

23 -,32 which is preferably calibr ation of 

24 reference 332 w ^ ^ tegtxng and 

25 calibration of calibrat ion 

26 ~ internal testing - ^ by the 

27 232 receives the signals > g ^ the 

28 refer Tahle reference signals P . in 

29 programmable r with an sterna cess0 r. 

30 r^raCneArence, as selec - signals 

s r. - proc.. r jn: «: r r.:: =0^.. - r:r - 

33 received £r- ^'^^ pittance provided^ »y ^ 
Be provided to probe covert 
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A e described above. Under 

- _ rtl -te or scan probe as ae^^x^ 

X assurance of a plate or P^^ ^ 3Q4 „ 

2 thlS „ nput ro« the respective probe. 

3 choose' the input fro lnte rface 334 such as a 

4 re". ovstic, or cognations thereof, to allow 

5 Keyboard, mouse. 3 Y ^formation via the screen 

: z rr:.: °r ^ the p^s r «- - - 

Although describe^ . ^ ^ probes o£ 

of the invention. J calcu lation of impedance and 

U the invention. «• ~£ inventl0 „ an d the preferred 

12 i^an.. ch.rect.ri £on aether, while it is present 
U apparatus of the x ^ ^ nay „ ch 

rr^riration — r r — - 

16 lma g m g as applicable _ bea „ .escribed 

Certain ^ Qr with re spect to placement 

U with respect to a M V understood that such 

„ of such a needle. It .no ^ inve „ tion ara equally 
Z£Z?-'~^. needles, catheters, endoscopes. 

" e " , h ah various embodiments, forms and modifications 
Although varl ° and illus trated above in some 

24 nave been shown f ^ lnve „tion. it «iH be 

detail in •~"^£ <a £ tla0 . a „d illustrations are by way 
understood that he descr ip ^ ^ but 

of example^ and tha eombina t i0 ns and alternet.ves 
encompasses ell which foUO „ ; 

falling wxthin rne s«-uh 
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